A data analysis tool of the Corpus of Russian Poetry (a part of the Russian National Corpus) is designed for quantitative research in various areas of versology and linguistics aspects of the poetic texts. The core part, a frequency database of the corpus, includes annotation at the level of texts, verses, words as well as patterns of words, letters, and stress. The tool allows a user to study certain properties (e. g. rhyming patterns, lexical co-occurrence) taken alone and in their interaction, both in the whole corpus and in subcorpora. Besides that, it facilitates the contrastive studies of two chosen subcorpora. The paper reports a few case studies demonstrating applicable descriptive and exploratory methods and potential for further research in the field of the digital literary studies.
Introduction
Russian versology has always heavily relied on statistics data as the basis for predictions and generalizations on meter, rhyme, and other formal and linguistic features of poetic language (see Gasparov 2005 , Taranovsky 2010 , Jakobson et al. 1973 , Jarkho 2006 , to name only a few; see also overviews in Semyonov 2009, Kizhner et al. 2018 ). This gets support from methods employed in the Slavic quantitative corpus linguistics (Kopotev et al. 2018 , Divjak et al. 2017 as well as from the formal methods in poetry in general (Scherr et al. 2011) .
As quantitative analysis requires processing a big collection of texts, the language technologies responded to this challenge by creating the Poetry Corpus as a part of the Russian National Corpus. The Russian Poetry Corpus is a digital resource provided with the standard morphological and lexico-semantic tagging and a number of specific tags particularly suited for poetic language. For example, the search options offer possibilities to of the Russian National Corpus, the Russian Poetry Corpus eventually inherits the morphological and semantic annotations applied in other subcorpora, such as the main search, diachronic, newspaper subcorpus and the smaller ones. However, the poetic language primarily differs from the other registers, since it prescribes poetic speech to be specifically harmonized and structured according to certain patterns of rhythm. The Russian Poetry Corpus eventually contains additional layer of annotation with literary significant tags, such as rhyme, metre, stanza (onegin stanza, otta rima), foot, graph shape, including both regular patterns and their innovative variations documented and systematized in profound monographs of Mikhail Gasparov and Aleksandr Kvyatkovski.
The fossilisation and innovations of main poetic parameters, as well as synchronic and diachronic trends in poetic language, depend to a wide extend on cultural conventions and historical context. Therefore, the core element of the Russian Poetry Corpus is meta-textual annotation by literary parametres, such as a genre, an author, his or her lifespan, a gender of a poet, a date of poems, an original / translation and some other available information. Due to the set of morphological, semantic, poetic, and metatextual annotation layers, the search toolkit provides wide scope of options for extracting raw and normalized frequency lists corresponding with different linguistic and literary parameters.
However, the Russian Poetry Corpus was primarily a tool for linguistic and formal studies, and the original rationale did not include elaborated metatextual annotation, which primarily reflects information included by Soviet editors of poetry series that constitute the main text collection. Although the academic series named as Biblioteka poeta (Poet's library) has been seen as a well-recognized edition, many volumes do not provide much metatextual information about poets or poems or many judgements have been later revised. Eventually, the Russian Poetry Corpus inherits the metatextual annotation from the soviet academic editions and lacks some of the necessary information, even after preparatory revision by the corpus developers. Due to this, the research potential of the Russian Poetry Corpus is fairly limited for Digital literary studies.
As Grishina et al. (2009: 71-113 ) note, the Russian Poetry Corpus allows to reduce significantly amount of manual work while extracting basic statistical data relevant for the versology studies. Meanwhile, at present, most of the data summarizing, filtering, normalizing and preprocessing for the follow-up quantitative analysis is done on a user's side. To make the Russian Poetry Corpus more efficient and user-friendly, the is a need in the new digital tool to maximize the output of the corpus and provide the pre-processed datasets for lexemes, syntactic units, and other tags available in the corpus.
A frequency database of the Corpus of Russian Poetry
The database is compiled using the materials of the Russian Poetry Corpus. The objective is to assemble the source corpus data with more accurate and elaborated metatextual, versological and linguistic annotation which is validated by experts in modern literary studies and NLP. Another objective is to develop a web-application with an incorporated tool for data analysis that computes basic statistical information, frequency lists, and powerful illustrative visualisation for different parameters in the whole corpus or in a subcorpora specified by a user.
The database with enriched annotation consists of five sections with the following types of information: 1) about lemmas and relevant syntactic units;
2) about poetic strings;
3) about a text and its historical context; 4) about rhymed units; 5) about letter combinations and stress patterns.
Every lemma has several tags indicating its position in a poetic string, ictus structure, PoS, dependencies between syntactic units. The text collection was annotated by the means of the Ru-Syntax (Medyankin, Droganova 2016) , and the morphological disambiguation of lemmas and PoS was done manually. For semantic annotation, we used the taxonomy of the Russian National Corpus developed by (Kustova et al. 2005) . The semantic classification relies on the first (basic) meaning, and this approach enables clusterization of lexemes into bigger groups, such as names of plants, sound verbs, color adjectives, compounds, diminutives, and so on. The new database also contains information about lexical collocations seen as 2-grams and 3-grams with syntactic dependencies between them. Due to the syntactic annotation, a user can also find a phrase constituent in distant position from its controller and therefore study a group of phenomena specific for poetic syntax, such as atypical word order, rhythmic and repetitive syntactic patterns, as well as enjambment, or incomplete syntactic units in the end of a line.
Every line contains tags indicating metre and foot, a number of words and syllables, ictuses and information about rhyming segment. We also marked up the end of a sentence in the middle of the string, in the beginning, and in the end. At the next stage, we will add information about rhythmic forms (Taranovski 1971 , Lyapin 1997 ).
We also enhanced original metatextual annotation about poetic texts and designed tables with core background information about authors, dates of poems, poetic features and so on. The criteria suited for cluster analysis are as follows: gender, age at the moment when a poem was created, place and date of a poem. For distributional analysis, some features and nuances were unified. We also added new metatextual parameters, such as decade and poetic school, original or translated texts, extended authorship, which comprises texts written with another poet or associated with a certain poet.
The rhyme annotation comprises rhymed chains, an order of rhyming elements, a number of elements in a chain (usually two, less often three, four, or longer chain rhymes, e.g. monorim). Since the corpus does not provide information on rhyming pairs, we retrieved this data automatically based on the information about elements of rhyming units and rhyming schemas . We also marked up word-long rhymes and larger rhyming units, stress 6 and ictus patterns, patterns of vowels and syllable structure, PoS and other grammatical features of rhyming elements.
Finally, elaborated annotation comprises char-grams and combinations of letters, their classification, combinations of vowels and consonants, as well as stress patterns. This information is based on the graphic elements. In a further perspective, we plan to add morpheme-specific annotation.
The database includes corpus texts dated from 1800 to the present. The enhanced corpus comprises about 80 000 poetic texts both of short and long genres. This comprises more that 2 million verses and about 10 million words. Poetic metatexts, such as headings, dates, epigraphs, prosaic comments made by an author, editors' notes belong to a separate part of the database and are subject to a separate investigation, see for example (Kuzmenko, Orekhov 2016) .
Case studies
The new frequency database provides data on the occurrences and distribution of the linguistic and versological elements within the corpus. This includes the frequency lists of words, lemmas, PoS, collocations, char-grams, metre and size properties, rhyming schemas and rhyming chains. The search toolkit gives a user an option to choose subcorpora and to conduct contrastive research based on their comparison, for example, a user can determine the key lemmas of the subcorpus. In addition to the raw frequencies provided by the database, the statistical tool calculates the relative frequencies, metrics of variation and keyness and allows one to visualize the distributional data. What is more important, it is possible to look at the data at the intersection of different dimensions such as metric properties, rhyming properties, position within the verse, grammatical properties, stress pattern, etc. Therefore, the statistical tool facilitates the research in the field of poetic stylometry, lexicology, collocations, morphology and syntax, as well as diachronic and synchronic studies of the poetic tradition and language.
The following sections report on a few case studies which illustrate an interdisciplinary research potential of the database as a tool for the digital literary studies. Figure 1 demonstrates how the size of the corpus measured in tokens varies if we group the texts by (a) decades or (b) authors. A user can gather information about the proportions of subcorpora and normalize the raw frequencies with regards to the size of the specified subcorpus. A user can also determine the period of poetic tradition to be included in their research. For example, the size of the subcorpus comprising the period after 1980 is rather small and cannot provide reliable statistical data in many cases. Furthermore, for the contributors and maintainers of the corpus, these graphs would also suggest which parts of the corpus need balancing and adding new data. Table 1 illustrates a key lemma list of a user-specified subcorpus. Here, we present the key verb lexemes in the poetry of the 1920s compared to the whole corpus. The words in the frequency list are filtered by the part of speech and ranked using the delta metric . Eight most key verbs consists mostly of actional predicates referring to ascent ( встать , вставать 'to rise') and sound ( петь 'sing', звенеть 'ring', гудеть 'buzz, drone'). The follow-up qualitative corpus study would suggest that they catch up the cheerful spirit of the post-revolution era as well as the nostalgic overtones of the immigrants' lyrics. The next step would be to analyse why the verbs плыть 'float' and лечь 'lie down' also were on the list, which poets used these lexemes frequently, and which meaning did they imply. Compare the examples from the corpus.
Distribution of basic features
Косяк овец вдали // Плывет гурьбой волнистой 'A shoal of sheep in the distance // Floating as wavy crowd' (Sasha Cherny);
Рука, на приклад ляг! 'Hand, lie down the (rifle) butt!' (Vladimir Mayakovsky);
Рядышком ляжь 'lie down next (to me)' (Marina Tsvetaeva).
Further we will discuss a few other case studies related to the word frequencies.
Lexical diversity of adjectives across time periods
Using the tool, a user can extract the frequency lists of certain parts of speech. As an example, we will compare the frequencies of different adjectives within two periods of Age ' (1901-1917 We examined the adjectives that belong to the most frequent "top" at least in one of the periods -namely, all adjectives which have a frequency higher than 0,1% at least in one period. The number of such adjectives is not large: the Golden Age "top" by frequency contains 226 adjectives, whereas the Silver Age "top" includes 210 lexemes, the total amount of different adjectives excluding repetitions being 278. Most of the adjectives that occur in the poetic texts of the two periods belong to the "top" list: 60,9% and 54,8% in the Golden and the Silver Age respectively.
For the further comparison of the two periods, we have selected the adjectives whose frequencies in the Silver Age differs significantly from the Golden Age numbers. The first list (Appendix, Table A) contains the lexemes which are considerably more frequent in the Silver Age rather than in the Golden Age, namely whose frequencies more than doubled in comparison to the beginning of the 19 th century. The second list (Appendix , Table B ) presents the adjectives occurrences of which in the Silver Age decreased by half or more in comparison to the Golden Age data.
The first list includes 54 lexemes whose popularity increased in the Silver Age; 40 of them do not belong to the "top" of the Golden Age. Notably, many of the adjectives from this list belong to one of the two semantic groups. The first group consists of color adjectives. The
зелёный 'green', голубой 'light blue' have already belonged to the "top" in the Golden Age and their frequencies have increased even more. In the Silver Age, these words occur 2-3.6 times more often than in the Golden Age. The color terms алый ' scarlet', серый 'grey', жёлтый 'yellow', розовый 'pink', серебряный 'silver', which did not previously belong to the "top", in the 20th century become much more frequent and occur 2.3-6.7 times more often than in the Golden Age. Although we can explain the frequency of the most popular of these words ( золотой , чёрный ) due to their polysemy, a significant part of these adjectives ( синий , зелёный , голубой , жёлтый , серый , розовый ) denotes only color terms. The group of color words also include adjectives referring to color saturation and brightness -тёмный 'dark', пёстрый 'motley', тусклый 'dull' (the first one has already been in the "top" before, and all the three are also used in a figurative meaning). The last word associated with visual qualities and colors is прозрачный 'transparent', meaning the absence of any color.
The second group of adjectives refer to nature objects or elements, for example, лунный
adjective вечерний has already been in the "top" in the Golden Age and its frequency demonstrated the least growth in this group (2.3 times); the most drastic growth is displayed by the adjective лунный (8.8 times).
The other words from the list #1 establish small thematic groups of 2-4 lexemes each.
Some of the adjectives describe the size of an object -remarkably, tending to the smaller sizes: тонкий 'thin', маленький 'small', узкий 'narrow'. The temperature and humidity are described by сухой 'dry', тёплый 'warm', горячий 'hot', жгучий 'burning' (all these four are often used in the figurative sense). The material of an object is meant by каменный 'stone (attr)', медный 'copper (attr)' -this is an example of overlapping groups, as this word also describes a reddish color; on the contrary, the color adjectives золотой and серебряный also mean 'made of gold' and 'made of silver'. Девичий 'maidenly' and людской 'human' are connected to people; ласковый 'affectionate' and влюбленный 'enamoured' belong to the emotional sphere; мудрый 'wise' and вещий 'prophetic' describe human experience.
Старый 'old', былой 'bygone' and далёкий 'remote' describe temporal and spatial distance.
Another six adjectives are not that close thematically; however, all of them describe some "abnormal" state of a person ( усталый 'weary', пьяный 'drunken'), of the perceived world ( пыльный 'dusty', душный 'stuffy', зыбкий 'unsteady') or of both ( странный 'strange'). Finally, the adjectives певучий 'melodious' и загробный 'beyond the grave' do not demonstrate any thematic relations to the other adjectives in this list; remarkably, it is precisely these two lexemes which display the sharpest rise in frequency as compared with the Golden Age: 15.8 times and 25.8 times, respectively.
The list #2 consists of 63 words which are less popular in the Silver Age than before.
8 Some of them leave the "top" positions because of their archaic form ( златой 'golden', хладный 'cold', младой 'young' which have stylistically neutral forms золотой , холодный , молодой ) or because the shift in the meaning of the word ( бранный 'martial' > 'abusive').
Some adjectives are replaced by a synonym: for example, the frequency of прежний 'former' and минувший 'past' decreases (though прежний stays in the "top") -but the decline is partially compensated by the newfound popularity of былой 'bygone' as stated above. However, the majority of the adjectives does not have such obvious explanations of the decrease in frequency. Still, some tendencies can be noticed.
The largest thematic group of the lexemes whose frequency decreased in the Silver Age consists of the adjectives with vague but distinctly positive meaning: прекрасный 'beautiful, A number of adjectives positively characterizes the human character and deeds; they belong mostly to the sphere of emotions and/or ethics: добрый 'kind', сердечный
'carefree' (only the last one still staying in the "top"). Positive characteristics belonging to another spheres are умный 'intelligent' and величавый 'stately'; a negative one connected to the emotions and ethics -коварный 'insidious'. instance, the polysemantic adjectives which describe among other things some positive personal traits: славный ('prepossessing' or 'famous'), прямой ('truthful' or 'genuine'), твёрдый (as in твёрдое решение 'a firm decision' or as in твёрдый дуб 'a strong oak'), важный ('high-ranking', or 'imposing', or 'significant'). The idyllic mood is created by мирный 'peaceful', невинный 'innocent', смиренный 'humble', скромный 'modest' (for example, смиренный уголок 'a humble nook' or смиренный рыбарь 'a humble fisherman').
They are contrasting with шумный 'noisy', бурный 'violent', громкий 'loud', мятежный 'restless' which describe the eventful life of society ( шумный свет 'the noisy society', бурные речи 'a passionate speech') as well as the violence of the nature ( бурный океан 'the restless ocean', шумный лес 'the restless forest'). Another row of adjectives describing both human beings and nature in Russian poetry refers to danger and negative emotions: ужасный
The other adjectives refer to the age ( молодой 'young', юный 'youthful'); to the prosperity ( богатый 'rich', роскошный 'luxurious'); explaining the connections between events ( роковой 'fatal', напрасный 'vain'); the antonyms счастливый 'fortunate' and несчастный 'unfortunate'. Finally, these adjectives are not included in any thematic groups:
By contrasting the two lists retrieved from the frequency database, we can describe the main differences between the Golden and the Silver Ages regarding the usage of adjectives.
In the Golden Age, the lexemes which openly name the mood, the emotions ( мирный , мрачный ...) or evaluate some characters, deeds and objects ( добрый , приятный ...) are much more popular -and more than ⅔ of these lexemes have a vague or a definite positive meaning. On the contrary, the poetry of the Silver Age names the feelings rarely; it describes instead of evaluating and relies above all on the visual component in this description. The adjectives referring to human qualities decrease in frequency; the lexemes referring to the nature become more popular; it can also be noticed that the Silver Age is interested in anything marginal or strange (unusual dimensions, unusual states). Of course, the poetry of both periods appeals to the reader's emotions; however, the means of the influence upon the emotions have changed.
Many further directions of the study are possible. It is worth noticing that not only the frequency of adjectives differs between periods, but the combinatory power as well. For instance, the lexeme усталый 'weary' belongs to the "top" both in the Golden and in the Silver Age, but the number of possible collocations with this adjective grows significantly. In the earlier period, it can describe a person both in the spiritual and in the physical aspect; some other living creatures ( конь 'a horse', вол 'an ox', стада 'herds') and objects of nature ( облак 'a cloud') are called усталый as well. However, in the 1901-1917 subcorpus there are mentions of 'weary' movements ( поступь 'tread', взмах 'a wave', прикосновенье 'a touch') and even everyday inanimate objects ( паровик 'a steam engine', шлейф 'a train of a dress'), which are not found in the poetry of the Golden Age.
Furthermore, the overview above states the differences between the two periods, but does not describe the individual trajectories of the lexemes which are quite diverse. Table C in the Appendix shows two contrasting examples, the words больной 'sick' and безумный 'insane', the former one being on the peak of its popularity before the Silver Age in 1880s, the latter experiencing a decline at the same time.
Last but not least, some individual preferences of different authors can be describedan example of such study will be discussed in the next section.
Authors' use of the color hues in the Silver Age Poetry
The following example illustrates how the frequency database can be used in the analysis of the lexical diversity and the author's word usage. During the Silver Age, multiple poetic schools manifested a new aesthetics and art syncretism trying to combine painting and poetry. By exploring color hue adjectives, this case study aims to reveal how the aesthetic rationale influenced the poetic lexicon. This is done by applying several methods. The first methods concerns a small-scale diachronic analysis of word frequencies through 19th-20th
centuries. At the next stage, we apply a method of correspondence analysis (CA) to define frequency-based associations between color hue adjectives and certain poets. The CA method also involves clustering the poets based on the contingency between words and authors.
At the preparatory stage, we extracted a frequency lists of the color adjectives using the lexico-semantic annotation of the frequency database. Then we compiled a list of adjective for color hues by filtering out the most frequent lexemes (such as красный 'red', синий 'blue') and hapax legomena (such as алмазно-рубиновый 'diamond ruby'). The middle part of the frequency list consists of the following lexemes subject to the further analysis:
These lexemes occur more than 100 times each and, apart from the most frequent color Alongside with the interest towards the violet color, poets employ adjectives denoting its hues. For example, the adjective лиловый has the same diachronic graph as фиолетовый .
Fig 2.
Occurrences of the adjectives лиловый, фиолетовый изумрудный, лазоревый by decade, in ipm.
As the Russian Poetry Corpus shows, the frequency of лиловый fluctuates at the rate from~1 ipm to~10 ipm. In 50 years from 1970s to 1920s, its frequency increased up to~120
ipm, stayed at this rate for about 10 years, and started gradually declining in the 20th century.
How does this fashion for certain words emerge and do certain poets play a role in this process? Why does the frequency of some color hue adjectives increase and decrease rapidly?
The toolkit of the frequency database allows one not only extract generalized frequency data across decades, but also explore frequency distributions within the corpora of certain poets.
For example, the search results show that лиловый is regularly attested in the poems of Ivan Bunin, Vyacheslav Ivanov, Mirra Lokhvitskaya, Boris Pasternak, and Igor Severyanin. These poets mostly contribute to the high frequencies of лиловый in the Silver Age.
Another two highly frequent color hue adjectives of the Silver Age are лазоревый and изумрудный. As a source data, CA takes a contingency table which shows how the linguistic units (9 adjectives of color hues, in our case) are distributed across the subcorpora (10 authors, in our case). The distribution of each adjective across the subcorpora we call a color profile, and the distribution of the uses of each author with respect to the adjectives we call an author profile.
Firstly, we calculated an average profile for both adjectives and authors. Secondly, we computed the distance between each pair of the colors profiles and from each color profile to the average color profile. The distances for the author profiles are calculated the same way.
Further, a matrix of distances is plotted onto the 2D space using a method of multidimensional reduction. The closer the data points are on the horizontal or the vertical axes, the closer are their profiles. The closer they are to the origin (0,0), the closer their profiles to the average profile. Meanwhile, some poets turn out to be neutral with respect to the use of the given set of color adjectives (the case of Nikolay Gumilev). It is notable that poets from the same poetic school do not necessarily favour the same color hues. For example, despite of the same aesthetic framework, the acmeists Anna Akhmatova, Nikolay Gumilev, Osip Mandel'shtam are rather distant from each other on the graph. Conversely, the subcorpora of authors belonging to different poetic schools can demonstrate similar distribution of color adjectives. This data supports the conclusion that despite the inner influences within poetic schools, poets' color preferences can be very different. However, the analysis only comprises lexemes with quite moderate frequencies. Due to this, the statistical validity of our observation needs to be proven with additional tests.
Verb rhymes and verb forms
The dispute about how 'good' the words of the same grammatical form -and especially verb forms -rhyming with each other are, started in the 18th century by Antiochus Cantemir, 'the father of Russian poetry'. He condemned the infinitive forms on -ati rhyming with each other as being 'vile', but allowed them to rhyme with other parts of speech, for example, мати 'a mother' -спати 'to sleep' (Gasparov 2000: 53) . Later on, the use of verbal rhymes became a reason to accuse one to be poorly mastering the poetic form (Samoilov 2005: 341) , and there were authors which were known to be consistently avoiding this type of rhyming (for example, in Vladimir Mayakovsky, the verb rhymes are found in only 1% poems with female endings and 2% with male endings (Gasparov 2000: 321) ). In the 20th century, however, some authors intentionally played with homonymous and tautological rhymes, and among them with the verb rhymes.
Taking the quantitative corpus data, we can study whether the authors follow Cantemir's recommendation and if the trend changes over time. We propose two hypotheses:
(i) the authors seek to avoid the verb-to-verb rhyme in the beginning of the 1800s, but the rule is less strictly observed in the later period; (2) there are periods in which the authors follow the recommendations, but they alternate with periods in which the rule is less strictly observed. In both cases, we need to identify in which period(s) the rule is violated most and under which conditions.
In order to put the analysis in the broader perspective, we retrieved data on the use of the verb rhymes, both in the pairs 'verb form -verb form' (V-V) and 'verb form -non-verb form' (V-non-V) (in any order). Rhymes consisting of more than one word in any rhyming unit (e.g. verbs followed by particles in pairs like дотяну ли -Калигуле 'if (I) reachCaligula') are excluded; this also excludes pairs with the subjunctive forms with the particle бы, б 'would'. In order to simplify the calculations, rhyming chains which include more than two elements are decomposed into simple pairs in which the lines always rhyme with the first line of the chain. The data is limited by the time of creation from 1801 to 1960, the timeline is binned by 20 years. Texts with the longer timespan of creation which lies astride the bin boundaries, are also excluded from examination. Since not all rhyming pairs have been annotated in the current database (see Footnote 6 above), the normalized frequencies are calculated taking into account the size of subcorpora which only include texts annotated with 9 regard to the rhyming pairs. Lastly, we set a threshold of three or more occurences of a particular rhyming pair in the corpus and two or more authors using the same pair to exclude author's individual choice (cf. the rhyme обманут -устанут 'deceived -get tired' used only by Bryusov) and possible errors of the automatic rhyme identification. The resulting 9 in ipm (items per million words). Note that yet another natural way to perform normalization for the poetry data is to weight the occurrences of units per the number of verses (lines) rather than words or tokens. However, the rhymed chains can include three, four, even more than 10 rhyming lines, so weighting these data method per line would be difficult.
dataset consists of 39 319 rhyming pairs, of which 9 172 are of the V-V type and 30 147 are of the V-non-V type. is attested in this type of rhymes.
It can be seen that verbs which are most frequent in such word lists are those with the 'poetic' meaning related to such topics like life and love (cf. понять 'understand' , петь 'sing' , любить 'love' , простить 'forgive' , жить 'live'). Besides that, the verb быть 'be' is frequently used, both as a common verb and as an auxiliary. The top list of the frequent V-V pairs includes a lot of similar verbs (see Table 2 ). Verbs such as быть 'to be' , любить 'to love' , петь 'to sing' are the most frequent verbs in both types of rhymes: V-V and V-non-V. Tables 3 and 4 illustrate the distribution in pairs in which one element is represented by a particular grammatical form of the verb and another -by a particular part of speech. All in all, the verbs rhyme most often with nouns (23594 rhymes (60%), of which 3624 are unique), with verbs themselves (9172 rhymes (23%); 1639 unique), with adverbials (2442 rhymes (6%); 370), and with the nominal pronouns (1704 rhymes (4%); 164 unique). The remaining part-of-speech combinations make up 6% of the data. Thus, the verb-to-verb rhymes are the second among most used and productive forms. potential of of adjectives is connected with the combination of the short l -adjectives and l -forms of the verb (52 of 66 unique forms: было -мило 'was -sweet', была -мила 'wassweet' , была -светла 'was -bright', заметил -светел 'noticed -light'). The same applies to the combinations of the short adjectives and short participles. Besides that, the infinitives rhyme with numerals, mostly with шесть '6', пять '5', and десять '10', cf. есть -шесть 'eat -six' and сесть -шесть 'sit down -six', спать -пять 'sleep -five', повесить -десять 'hang -10'). The non-past forms also rhyme with conjunctions and particles.
To sup up, a relatively uniform hierarchy of the rhyming groups is observed, with nouns, verbs, and adverbs being among the most frequent non-verb elements of the pair. In contrast, the gerundives stand out among the rhyming verb forms since they frequently rhyme with the nominal pronouns ( тая -моя 'harboring -my', вися -вся 'hanging -all') and adjectives, but rarely combine with verbs. In general, the observed distribution indicates a high activity of the verb in the rhyming zone and, accordingly, there are no particular limitations on the verb combining with other parts of speech. Obviously, some frequent and stable cliché such as идти -пути 'walking -paths' (147 occurrences) and зови -любви 'call -love' (92 occurrences) may affect (both positively and negatively) the use of particular grammatical forms and lexemes.
Our study suggests that the implied restriction on the use of the verb rhymes in the Russian poetry has not been supported by the corpus data. Moreover, in spite of Cantemir's interdictions, rhymes that include infinitives are the third most frequent after the non-past and past forms. The fall in the frequency of use of verb rhymes in the beginning of the 20th century could be associated with the language experiments of avant-garde poets rather than with the influence of the 'rules' of the poetry mastering. Going to the hypotheses put forward in the beginning of this section, hypothesis (i) has not been confirmed for the V-V rhymes but it is true for the V-non-V rhymes. The authors avoid the verb-to-verb rhyme more in the later periods than in the beginning of the 1800s, however, they experiment with the V-non-V rhymes more actively over the time. Hypothesis (ii) holds true with respect to the verb rhyme in general: there are periods with relatively more limited use of the verb rhymes which alternate with the periods of their expansion. The detailed corpus statistics allows a user to identify authors which use such rhymes relatively more frequently compared to the others, and to examine grammatical forms, parts of speech and words which are more actively engaged into the verb rhyming.
Conclusions
This paper describes a new database assembled from the Russian Poetry Corpus, which is a part of the Russian National Corpus. The database contains more than 13 million tokens with a few layers of linguistic, versological, and metatextual annotation to facilitate interdisciplinary research of the Russian poetry. The designers of the database also developed tagging of sublexical (phonological) and supralexical syntactis units for the quantitative analysis.
As a demonstration of the research potential of the database, we presented a few case studies illustrating the suitable techniques and methodology of the computer-assisted analysis. Using the flexible toolkit of the frequency database, a scholar can define subcorpora for a wide range of research goals and support qualitative and contrastive analysis with quantitative data drawn from a large-scale corpus.
As an exemplary study of diachronic constastive research, we compared the use of adjectives in the Golden Age (1811-1840, the size of the subcorpus is over 1,270,000 tokens) and the Silver Age (1901) (1902) (1903) (1904) (1905) (1906) (1907) (1908) (1909) (1910) (1911) (1912) (1913) (1914) (1915) (1916) (1917) , the size of the subcorpus is about 1, 619, 228 tokens).
Although the proportions of adjectives within each subcorpus does not demonstrate significant discrepancy (10.8% in the Golden Age and 12.6% in the Silver Age), the adjectival lexicon of the Silver Age is almost twice as large than that of the Golden Age: cf.
6,421 unique lexemes in the Golden Age and 11,777 lexemes in the Silver Age. For this comparative analysis, we compiled a list of adjectives that belong to the top of the word frequency lists within each period. The difference between the two periods is noticeable.
While the most frequent adjectives of the Golden Age are the lexemes referring to mood, emotions, and feelings (( мирный 'peaceful', мрачный 'grumpy'), as well as judgments about behavior ( добрый 'kind', приятный 'pleasant'). Meanwhile, the Silver Age poets favor adjectives denoting nature elements and objects, they tend to explicit strange and unusual states and qualities.
As another exemplary study of lexical diversity, we explored the use of color adjectives in the Silver Age applying method of Correspondence Analysis which offers visualization of multidimensional frequency associations of lexemes and authors. This method supports contrastive stylistic analysis and identifies similarities between different poets. In this case, we defined subcorpora of authors traditionally seen as key figures of the Silver Age such as Aleksandr Blok, Konstantin Balmont, Anna Akhmatova, Nikolay Gumilev, Marina
Tsvetaeva. This study has revealed the stylistic differences in individual poetic lexicon and demonstrated that despite the inner influences within poetic schools, poets' color preferences can be very different.
The third case presented a multi-dimensional study at the intersection of the rhyme (versological annotation), parts of speech, grammatical forms, words (linguistic annotation), authorship and time of creation (metatextual annotation of the corpus). We examined a mutual distribution of such categories using contingency tables and barplots. While studying the distribution over the time, we made systematic use of the methods of data aggregation and normalization against the size of subcorpora and the method to deal with the partial coverage of some data in the database. The study has demonstrated the variation in the distribution of the verb rhymes across different time periods (binned per 20 years) which is followed by the minor variation in the distribution of grammatical verb forms and by the individual author's preferences.
Currently, the data analysis tool allows a user to retrieve various type of datasets (frequency lists with raw and normalized frequencies, contingency tables, corpus datasets in the long format) defined by the combination of one to four chosen parameters (annotation categories). In addition, it provides basic descriptive statistics on the data a number of visualizations (charts) for the exploratory analysis. The further line of development is to add more sophisticated functional techniques to perform statistical tests, make data validation and to add a number of scenarios for some standard data analysis pipelines.
